Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


CIRCULAR No. 411 FEBRUARY 1937 


UNITED STATES DEPARTMENT OF AGRICULTURE 
WASHINGTON, D. C. 


A STUDY OF ARSENICAL DUSTING OF CABBAGE IN” 
RELATION TO POISON RESIDUES 


By Cuas. E. Smita, associate entomologist, and W. J..Rr1p, Jr., P. K. Harrison, 
-and C. O. Bars, assistant entomologists, Division of Truck Crop and Garden 
Insect Investigations, Bureau of Entomology and Plant Quarantine } 


The Bureau of Entomology and Plant Quarantine in Cooperation with 
the Louisiana and South Carolina Agricultural Experiment Stations 


CONTENTS 

Page Page 
DEST OC UI CLIO MS a ae ees ee ee es PSE ST ee 1 RUGS UTI CS eeseye seer ay Set as ee eae EE tS 4 
SHIGTRETO(O Se 2 o aales Unt Dern ae Sas Seren See ee Z£a | eoDISCUSSIO NM Ate ashen ere ek ro ee one 5 
Micierials tested. 2-22. ies Seeks ste 2 Summary and conclusions___________________ 7 
Sampling and residue determinations _______ 3 


INTRODUCTION 


During the cabbage-growing seasons of 1932-33 and 1933-34 a 
series of experiments was conducted at the field laboratories of the 
Bureau of Entomology and Plant Quarantine at Charleston, S. C., 
and Baton Rouge, La., to determine the relation of the number of 
applications at specified rates and strengths of the arsenicals com- 
monly applied on cabbage for the control of leaf-feeding insects and 
the stage in the development of the crop when the applications are 
discontinued, to the quantity of residue present at the time of harvest 
on the portion of the plants usually marketed. 

Six experiments were conducted at each place, involving one 
experiment for each of the six cabbage-growing seasons during the 
3-year period. This provided an opportunity to study the influence 
of varying climatic conditions, especially rainfall and temperature, 
upon the quantity of poison residue remaining on the cabbage after 
various intervals between the application of the insecticide and 
harvest of the cabbage. Each experiment covered a series of plots 
for each material and dilution used. In the majority of the experi- 
ments the plots were one- twentieth of an acre in area with rows 3 
feet apart; the number of rows per plot ranged from three to eight, 
‘six rows being used in the majority of the experiments. 

1 Acknowledgments are due W. A. Thomas for general supervision of the Charleston studies and L. B. 
Reed for his assistance. ‘The analytical work in connection with the Charleston experiments was performed 
by C. R. Gross of the Division of Insecticide Investigations of this Bureau. At Baton Rouge, the residue 
determinations for one experiment were made by Sylvan B. Falck under the supervision of E. C. Boudreaux 
of the New Orleans office f the Food and Drug Administration of the U. S. Department of Agriculture. 
The analyses for the remainder of the experiments were made by J. L. Farr and W. P. Denson, assistant 
chemists, under the supervision of A. P. Kerr, chief chemist of the Louisiana Agricultural Experiment 


Station. The writers gratefully acknowledge their indebtedness for these HERIOT contributions to the 
work. 
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Essentially the same methods were employed in all the experi- 
ments. In each experiment the dust mixtures were applied to several 
plots. By dropping one plot each time the applications were made, 
a series of plots was obtained which had received applications varying 
by one successively from the minimum to the maximum number. 
Undusted plots were provided as checks in all of the experiments. 


MATERIALS TESTED 


At Charleston, in experiments 1 to 4 \season 1932-33), paris green 
and lime (1 to 10) and lead arsenate and lime (1 to 5) were used. The 
desired rates per acre per application were 16.5 pounds of the paris 
ereen-lime mixture and 24 pounds of the lead arsenate-lime mixture, 
and these were approximated quite closely. In experiments 5 and 6 
(season 1933-34) paris green and lime (1 to 9) and undiluted calcium 
arsenate were used. The desired rate per acre per application of 
each was 20 pounds, and this was approximated quite closely. 

At Baton Rouge, in experiments 1 to 3 (Season 1932-33), paris 
green and lime (1 to 10) and calcium arsenate and lime (1 to 5) were 
used. The rates per acre per application applied in these experiments 
ranged from approximately 10 pounds of the dust mixtures on the 
plots receiving the minimum number of applications, which were made 
when the plants were small, to approximately 20 pounds in the later 
applications on the plots receiving the maximum number. During 
the season of 1933-34, in experiments 4 and 5, mixtures of paris green 
and lime and calcium arsenate and lime, each containing 10 percent 
and 5 percent of arsenic trioxide, respectively, or the equivalent, were 
used. The dust mixtures were applied at the rates of 10 pounds of 
the 10-percent and 20 pounds of the 5-percent mixture per acre per 
application. In experiment 6, paris green and lime (1 to 9) and 
undiluted calcium arsenate were used and applied at the rate of 
approximately 15 pounds per acre per application. 

Hydrated builders’ lime was used in all of the mixtures given above. 
The analyses of the arsenicals employed are given in table 1. 


TABLE 1.— Analyses of arsenical materials used in experimental dusting of cabbage 
at Charleston, S. C., and Baton Rouge, La. 


Paris green 


Constituents or properties At Charleston At Baton Rouge 


Experiments | Experiments | Experiments | Experiments 
lto4 5 and 6 land 2 3 to 6 


Percent Percent Percent Percent 
EVIE CURT Cee oe ape Se 0.4 0. 66 0. 52 0. 46 
(ATSENIOUSOXIGE!CA\S2@)3) aoe ee Gy Gul 56. 76 55. 38 57. 50 
ArSenicrox1de) CAS3O5) 262 0 26 eee ee ee een . 23 .38 . 54 . 69 
Cappenoxide (Cu@) 2] sae eee 30. 7 30. 98 32. 01 31. 23 


Wiater-SoliblovAiss@ 32 Sees 2 Nae ee . 66 1. 04 1. 34 . 87 
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TaBLe 1.—Analyses of arsenical materials used in experimental dusting of cabbage 
at Charleston, S. C., and Baton Rouge, La.—Continued 


Calcium arsenate 


Lead ar- 
senate,! at 
Constituents or properties Charleston, | At Charles- At Baton 
experiments | ton, experi- Rouge, ex- 
1to4 ments 5 periments 
and 6 1to6 
Percent Percent Percent 
TAA LCONRSY ALU Bathe eae i a NE ee eS } Tk ; 
AW SCHIC OXTCGn emer ee ees Seen FE PE Sen Ve SRS Sele 32. 2 38. 95 41. 94 
IATSENIOUSIO NI GOS ee see Sos ee ee Pe .0 575) 5 1174 
NVaer-SoO lab lexAseO pa ae ae nee ee ee .16 palit . 10 
IE GEG pao) 42 tee TA et eae ee ee ee ee ee ce tere GEE OO) | See ee eee al |e 28 = Ce ne 
£02) CHUTE NOG Cee ee ae a es ee ee |e ee ee 44.47 47. 28 


HOSSON eM ON Seek ete aS ee es eee ee Ee | pene Sees ee 8. 69 5. 89 


1 Hypothetical composition: Dilead arsenate, PbHAsO:, 92.7 percent; trilead arsenate, Pb3(AsOs)2, 
6 percent. 


- The dusts were applied with rotary-type hand dusters by passing 
over the row once when the plants were small, and twice at an angle 
on each side, after the plants began to head. The applications for 
each experiment Were made at equal intervals unless weather or other 
conditions interfered. 

In the Charleston experiments, the Charleston Wakefield variety 
of cabbage was used exclusively. At Baton Rouge, the Copenhagen 
Market variety was used in all of the experiments except nos. 3 and 5. 
The Charleston Wakefield was used in experiment 3 and Stein Flat 
Dutch in experiment 5. 


SAMPLING AND RESIDUE DETERMINATIONS 


The samples consisted of 10 heads taken at random from each 
experiment, except for Charleston experiments 1 and 2, in which they 
consisted of 20 plants. The plants were trimmed to conform to 
United States grade No. 1 (allowing four loose wrapper leaves), 
except in Charleston experiment 1, in which the entire plants, except 
the stalk below the bottom leaves, were analyzed. 

The arsenical residues were determined by following the method 
recommended by the Association of Official Agricultural Chemists. 

In addition to the regular residue determinations, two special 
analytical studies were made on samples of cabbage submitted from 
the Charleston laboratory. The objective of these studies was two- 
fold: (1) The determination of the number of cabbage plants required 
for a reliable sample for arsenical-residue determination, and (2) the 
determination of the normal arsenical content of untreated cabbage 
erown in the Charleston area, and whether this was ‘due to soil 
contamination externally or to root absorption and normal plant 
metabolism. 

In the first study it was found that an error as high as 20 percent 
of the mean would permit a proper interpretation of the data and 
that a sample of approximately 10 heads would be sufficient. In the 
second study it was found that untreated cabbage grown in the 
Charleston area normally contains approximately 0.0008 grain of 
arsenic trioxide per pound in the compact inside leaves, and approxi- 
mately 0.0017 grain in the outside loose leaves, one-third of the latter 
resulting from external contamination. 


4 CIRCULAR 411, U. 8S. DEPARTMENT OF. AGRICULTURE 


At the beginning of this study it was realized that the growth habit — 


of cabbage heads (i. e., from within, accompanied by the progressive 
loosening of some of the outer leaves) is an important factor in deter- 
mining when the application of peisonous insecticides should be dis- 
continued in order that the harvested product may not contain an 
excess of harmful residue. Hence 25 plants in each experiment were 
marked at the time the last application of dust was made, by cutting 
a V-shaped notch in the youngest exposed leaf and recording the 
position of the marked leat at the time of sampling. 

The data obtained from these notching tests demonstrate that 
Copenhagen Market cabbage grown at Baton Rouge and marketed 
as U.S. grade No. 1 may include, late in the fall, some of the leaves 
that become visible 30 days before maturity, and, in the spring, 
under favorable growing conditions, some of the leaves that become 
visible 10 to 15 days before maturity. The corresponding periods of 
time for the Charleston Wakefield variety grown at Charleston were 
longer and ranged from 20 to 40 days, depending upon the character 
of the season. | : 

RESULTS 


The pertinent data obtained in experiment 1 at Charleston are 
given in table 2. 7 

~TaBLE 2.— Arsenic residue ! on the loose leaves, stripped heads, and entire plants of 
20-plant samples of Charleston Wakefield cabbage that were dusted with paris 
green and lime (1 to 10) and lead arsenate and lime (1 to 5), experiment 1, Charles- 
101, SG: 


) = 
From last dusting to sampling Paris green and lime, 1 to 10 Lead arsenate and lime. 1 to 5 


Residue As203 per Residue As2O3 per 


| appli- : 2 
miok . | ee Average pound plant material Average pound plant material 
Period ition of Rain-)| tions| appli= | = ss ee ape 
AGG cations | da cations | 
P per acre| Loose | Stripped| Whole |per acre] Loose | Stripped; Whole 
: leaves| head | plant leaves} head | plant 
=o ea Spoil | oe |e enna | eel ee Se eee 
Num-| 
Days | Inches| ber |Pounds| Grain | Grain | Grain | Pounds| Grain} .Grain | Grain 
Dec. 5—Dec. 15_- 10} 0.44 7 20.4 | 1. 260 0.028 |0. 3694 25.5 | 0.560 | 0.0383 | 0. 2274 
Nov. 25—Dee. 15_} 20 .95 6 19. 6 ooo 011 | .1101 25. 4 307 - 009 . 1073 
Nov. 15—Dee. 15_ 30} 1.89 5 TOFS | eest75 . 005 | . 0572 Donal cel OO .-003 | . 0432 
Nov. 5—Dec. 15_- 40 2. 82 4 16.5 . 056 . 002 | . 0202 24.0 . 145 . 003 . 0461 
Océ. 25-Dee. | 51} 4.99 3 16x59) 20L2> . 004 | . C074 24-0}; 2.018 .002 | .0057 
Oct. 14—Dee. 15_- 6235S 7230 2 1625 \0c O16 . 002 | . 0067 24.0! .007 . 003 | .0042 
Oct. 5—Dee. 15___ Wh 8950 1} 16.5] .006 . 001 | . 0026 24.0 | .020 .005 | . 0096 
t | ! I 


1 Treatments leaving a residue exceeding the legal tolerance of 0.01 grain of arsenic trioxide per pound 
of marketable product are shown in bold-faced type. 


These data show that a large portion of the arsenic residue on 
cabbage treated with paris green or lead arsenate is found on the 
loose leaves. The legal tolerance of 0.01 grain of arsenic trioxide 
per pound was exceeded on the entire plant when dusted four times, 
the last application being made 40 days before harvest, under weather 
conditions which included 2.82 inches of rainfall. It was exceeded 


on the stripped heads, in the instance of paris green, when the last of | 


six applications was made 20 days before harvest and the precipita- 
tion for the period totaled 0.95 inch. 


wt) Gad Sed ee de aes PoP oe 


ef 


ARSENICAL DUSTING 


OF CABBAGE 


5) 


The results of experiments 2 to 6 at Charleston and of experiments 
1 to 6 at Baton Rouge are given in tables 3 and 4, respectively. 


TABLE 3.—Arsenic residue! on cabbage dusted with different quantities, dilutions, 
and numbers of applications of paris green, lead arsenate, and calcium arsenate, 


experiments 2 to 6, Charleston, S. C. 


From last dusting to sampling 


Dura- 
Period tion of | Rainfall 
period 
Experiment 2: Days Inches 
Deck23—Janpa ses eee 10 0. 06 
ID GC 34 Seng ee Ses 19 51 
Dees Swann oh ee eRe Ne 30 . 80 
> AINID eGR els ese eS 40 iL, Bul 
INI OV PU ial Pe ke ee ee 51 QED 
NOVA Sas 2a esos ee et 61 3. 18 
Och. 20 Jang 2 seer Aen | 7 5.35 
Ocies- Jane 2S eee. 86 7. 66 
Experiment 3: 
Wiar6— Miata 3s0e se 14 .33 
Mian SoS iara 3 ( see eee 28 149 
Feb. 16—Mar. 30___--_-_-__ 42 2. 53 
Hebe 2 Mar 30.2 ee 56 6, 95 
Janeel9— Mar. 30 == 2 es oe 70 8. 84 
AGIOS IMIG TeS BIO) ah 84 11. 26 
DMece22—Wianrws0 a eee 98 SD 
Experiment 4: 
Apr- 20 ADIs 30s eee 10 1.14 
Nj OrRS AUD /Nj yes ol Dees Sa 20 1.76 
Vitara SAG Is 3 Oe ene 30° | _ 2.47 
Mar 23—AspY 30a 38 2.47 
Mat aS SACD iol) =2e owas oes 48 2. 80 
Marzo Asin 0== ene es > {583 3. 69 
Hebe 22 Apia ss eee ae 67 3. 69 
HED SACP OO eee 76 5. 00 
Tea BENG Ora ee 89 9. 73 
Janes 20 Acyl Us = see wee 100 ES 
Experiment 5: ; 
ARid, Sen ala dlasees esse Se 10 . 30 
IDGe 7B aes ey a 21 . 84 
(Decs4—Jan ita. s se 30 . 87 
iIDeer4— Jamal Sees were 40 1. 34 
WNWove24—Jan loose 50 1. 46 
INOW LOS ase 32 ee 59 1. 60 
NOV 4 Jian See 70 2. 28 
CGheekse imei 2 ease rake ae ee [nn Se 
Experiment 6: 
Manvel Vitae ll arcs eel 10 .O1 
ADE Mia yal = 20 . 08 
NFO ES TEIN [eae Is [en 30 1. 33 
Mar. 31-May 11________=__ 41 1. 98 
IIE TRS a yal id Eis es 50 2. 29 
IViariet SIV anya lel seas esse 60 2. 49 
iar Vilas Ll es se see 70 3. 22 
Hebes20—Mlaiy: dle ee = 80 3. 94 


WiteckcelVidiye [ieee ere |e ieee oe a 


Residue of As203 per pound of market- 
able cabbage 


Paris green and lime 


Total 
applica- 
tions 
Parts by 
weight, 
1 to 10 
Number Grain 
8 6. 0790 
7 . 0160 
6 . 0100 
5 . 0030 
4 . 0020 
3 . 0010 
2 . 0010 
1 . 0020 
i . 0261 
6 . 0021 
5 . 0012 
4 . 0007 
3 . 0010 
2 . 0007 
1 . 0008 
10 . 0162 
8) . 0042 
8 . 0021 
if 0004 
6 0904 
5 0004 
4 0004 
3 . 0004 
2 0004 
1 . 0004 
(fel See ne 
(Ghia see ay 2 oar 
Dy |e es 
Ai | ease ee es 
Salat Sere: 
DHE enw, coe 
Ln Isrts eae cee oe 
(9 ese 
Shu] eas ae ees 
fie | ene ee 
Gale eee 
taYe| | sp gies = eae ae 
Ars Se eae eee 
i | ee ae eee 
Pol | ie Re 
ey oes oe ee 
Oye Es, 


Parts by 
weight, 
1to9 


Grain 


“0011 


Lead 

| arsenate | Calcium 
and lime, | arsenate, 

parts by undi- 

weight, luted 

1 to 5 

Grain Grain 
OS 04608 He 
50190: | tess s ats 
500707 |tetete ene 
AOOGO S| pera 
OO20 uss eee 
Q040 | Heseeo Se 
OOZO sere eS 
20020)| =e 
5 (Dr (83a [eee oe 
ODL ee eee 
OO1LOF ees = 
SUC I ea 
OOO Ss Bae == 
O00 7a atest 
Bi OG) a | kee ee 
AOL Meas Ss 
50060s|= == 
50010 2| See 
SOONG Ese 
200052 ese 
S0004s eee 
OOO 45 | ees ae 
OOO Ass eee eet ke 
© 0004s Se eS 
70005) | aeeese= ee 
De Lee 0. 3680 
bei bie 0740 
Se ae ae a . 0400 
NS OE = . 0070 
Ee eS . 0040 
ae BC LRM . 0030 
rae vor Ines . 0020 
eet A AE . 0020 
BS Ge UM . 0950 
Ae publeee Wear X . 0120 
is Se eee 2 . 0041 
Ee Mee . 0015 
AT nt ga . 0018 
Leet See ae . 0047 
aS Ses ae . 0009 
pi NORA Se Sash . 0003 
Aste eee 0006 


1 Treatments leaving a residue exceeding the legal tolerance of 0.01 grain of arsenic trioxide per pound 


of marketable product are shown in bold-faced type. 
.2 Date of sampling. 


DISCUSSION 


According to the data presented in tables 3 and 4, Charleston 
Wakefield cabbage grown in the Charleston, 5S. C., 
residues exceeding the legal tolerance of 0.01 grain of arsenic trioxide 
per pound of marketable product when dusted with paris green and 
lime (1 to 10) and with lead arsenate and lime (1 to 5) as many as 


area retained 


6 
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19 days previous to harvest, and when dusted with undiluted calcium 
At Baton Rouge, on the Copen- 


arsenate 30 days before harvest. 


hagen Market and Charleston Wakefield varieties, the legal tolerance 
was exceeded on plants dusted with all dilutions of paris green used 
and with calcium arsenate and lime (1 to 5) 8 to 10 days previous to 


TABLE 4.—Arsenic residue1 on cabbage dusted with different quantities, dilutions, 
and numbers of applications of paris green and calcvum arsenate, Baton Rouge, 


La. 


From last dusting to sampling 


Total 
oe appli- 
ura-| p.:,_| Ca- 
Period tion of oa tions 
period| ~ 
Num- 
Experiment 1: Days |Inches| ber 
May 5-May 15__ 10 | 0.00 7 
Apr. 28-—May 15__ V7) pet dks BY 6 
Apr. 20-May 15-- 25 4, 26 5 
Apr. 12-May 15__ 33 | 6.39 4 
Apr. 3-May 15__- 42| 8.63 3 
Mar. 27—May 15-_ 49 9. 10 2 
Mar. 15-May 15_ 61} 11.09 1 
CCKG 2s esata tee | eee eee ee 
Experiment 2: 
May. 13-—May 23- 10 . 00 6 
May 3-May 23__ 20 . 02 5 
Apr. 25-May 23__ 28°} 2: 52 4 
Apr. 17—May 23__ 36 | 492 3 
Apr. 7-May 23___ 46 6. 68 2 
Mar. 29-May 23_ 55 9. 10 1 
@Gheckse 2s 2 | ae a ae ate 
Experiment 3: 
June 2-June 12___ 10 w3o 8 
May 25—June 12__ 18 1. 96 7 
May 15-June 12-- 28 1. 96 6 
May 5-June 12___ 38 | - 1.96 5 
Apr. 28-June 12__ 45 3. 18 4 
Apr. 20-June 12__ 53 6. 22 3 
Apr. 12-June 12__ 61 | 8.35 2 
Apr. 1-June 12___ 72 | 10.59 1 
CHECKS = aS ee ees eee 
Experiment 4: 
Dec. 18-Dec. 26__ 8 et ib 
Dec. 8-Dec. 26___ 18 sth 6 
Dec. 2-Dec. 26___ 24 1.80 5 
Gheeks: 52 eee Soe | eal ee 
Experiment 5: 
Feb. 20-Feb. 28__ 8 118) 9 
Feb. 13-Feb. 28__ 15 3. 33 8 
Feb. 2-Feb. 28___ 26 5. 08 7 
Ohecks= 5st sae ese | See aoe ae 
Experiment 6: 
Apr. 28-—May 7___ 9 Boo 4 
Apr. 20-May 7_-_- 17 . 45 3 
Apr. 11-—May 7__- 26 Dae 2 


@hecks=2 = 


| 
| 
| 


Residue of As2O3 per pound of marketable cabbage 


Paris green diluted with 


Calcium arsenate diluted 


lime with lime 
To contain To contain 
eae, | Pa ae 
trioxide equivalent 
10 per-| 5 per- Undi- |10 per-| 5 per- 
cent | cent 1to 10) 1to9} ttes luted | cent cent 
Grain | Grain | Grain | Grain | Grain | Grain| Grain | Grain 
ea (es 0: C834 [222222 | 8 O1G2- ees eee ee 
pmige eel et 20046" |<< 2. 35) 0022"). Vee eee eee 
Sie 2 alee Ps {0019-22 -= 2=)) S00K4s | 2s a 2 eee ae ee 
to el eee GO16s|| = 2-3 0009 ue es ee eee 
Ses FS POR 002812 = sal OO09 fue oe ae ear ec 
Ar STIG aera ‘0019. | _ 222 4] P 0009-1 = =n 2s ee eee ee 
2 3S Balai ee [0016 |S ee CODA Se | ee eee 
oeied Snes ee ene =< OOT9. | 2 es OO A ee eS eee 
pes Mee | poe ce 0238) | 2s O1G Rs Se SS ee eee 
See eee =(Q029.)) S25 2 S004 0 esi | Pe een ee 
BBs Bao Ra “00225|2 sae me OG19 {|= "SC eae ee 
See be aa A001: |2aass 0020°|=-22 2 4 [22d ae 
ee ype abe she JQ0185| £22 2530020) Sa eee ee 
Bae) ke ae POOLS WSs 22) OOM eae ee Pee ees 
Se eee 0018|2 245 | 20013h eee eee 
we ete ee 50905) |o oe 23 OSI Ss Cs | eee eee 
Ree a (kee s 20035) [ease 200435 eae ee eee 
ee eel os =~ OO19 422 2524) 0103 22 see en ee 
Be IE ee Q0O8 fas S500 FG a eee eee ee ee 
eS ee reer. QO0G6: |= =e SS O00 as [eee eee eee 
Beh ee aera 000343 = 28 OO OS i | Bee ere eee 
2 ee ea 003 So 0007s ea ae ee eee 
See Th net eer 20003: 2222522 20008 | pen ccne a ee eee 
ire ORI | hae 0003" } 222222") 20003 i222 ee ee 
OSOR 22 sO OLS |e hee Pe | eee 9.0179 | 0. 0069 
200525}. 10049 2222 = = [eae sa aoe een . 0049 | . 0037 
OOLS spe ROOZS fee eae es |e ae a eee . 0022 | .0010 
sO OVA. fe ce i) cee ae a | Ne 0003 
PaO C0, Oey Sol IN Yi Sel ewes | eek ge | ee ec ag ee . 0170 0203 
30033 OOGS 5 tse ae ee eee 0108 0333 
O01 =| -OOUS: ||. Se ee eee . 0087 | . 0070 
OOUT Vet SSS | ee re eS el rev ee | ec 0007 
ies | = iS tel 0: 0042. ja 3 =- 1050305 32a eee 
Ses Matees|| AE et, llores = 0035. fase SOS 20a ee eee eee 
SE ae eee 0039: 3202-2 SPP OP RT | a eee ee 
xe Sen Ce ae Pe eae «0042:) 2. 22 oh SO3SS: [2es) = eee 
See et ee (2 eae 70008 |}: 2-2 2 0096/22 at eee 
Eee (ey ae ee | oe ~O021-) 2. 2-) 2004) pee eee 
pee I eee || dane ~QQLLE | 2-2 2) 2.004 ee 
pe ee | Pee ae S| eer eg. 0009"|- =.) 22) 100395| See eae 
iS ee) | Sree eek Sy Q006 «|. = 3) 0008s Bese ees 
i tl pte aed Re 0003}... =e | Pe 0005s fae eres 
Sai || SUR ek ad £0005) |: = 32 £2) 0006s |e ee ee 
ES (EE Re 2 (@)) | je 3S O0GS ee eee ee es 
ye og eh ed | He eae = 0003) 2s ad0ns oe tees 


1 Treatments leaving a residue exceeding the legal tolerance of 0.01 grain of arsenic trioxide per pound 
of marketable product are shown. in bold-faced type. 
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harvest, and aiso on a sample of Charleston Wakefield cabbage which 
received the last application of calcium arsenate and lime (1 to 5) 
28 days previous to sampling. it was exceeded on plants dusted 
with undiluted calcium arsenate 9 days, and on Stein Flat Dutch 
dusted with calcium arsenate and lime containing 10 percent and 
5 percent of arsenic trioxide, respectively, 8 and 15 days previous to 
harvest. These data show that applications of arsenic must be dis- 
continued before the appearance © of the head or wrapper leaves that 
will remain attached to the head when it is harvested for market. 
The results of these experiments indicate that the normal arsenic 
content of cabbage (whole plant) under South Carclina conditions 
averages approximately 0.001 grain of arsenic trioxide per pound. 

Several factors influence the quantity of arsenical residue remaining 
on cabbage treated with arsenicals. ‘The stage of plant development 
at the time arsenical treatments are discontinued is probably most 
important in determining whether or not the harvested product will 
contain an excess of harmful residue. The plant-growth study in 
conjunction with the residue determinations demonstrated that the 
marketable part of cabbage retaining foliage which had been exposed 
to the arsenical treatments may contain residue exceeding the legal 
tolerance, regardless of the period of time elapsing between the last 
application and harvesting. Normally all cabbage treated after the 
heads start forming (fig. 1) are included in this category. 

The quantity and character of rainfall are probably second in 
importance. These studies show that heavy rainfall will remove a 
large quantity of the deposits on dusted cabbage, but ordinarily not 
enough to prevent the tolerance limit from being exceeded. 

In addition, the season of the year when the plants are grown may 
affect the er owth of the plants, with special reference to the develop- 
ment of leaves that may or may not be retained as a part of the 
marketed head. 

Aithough records were obtained regarding the insecticidal value 
of the different treatments reported herein, it may be stated that in 
general such records were not conclusive, since some of the applica- 
fions were made under conditions unfavorable for maximum insec- 
ticidal effects, and in some of the experiments the worm populations 
were insufficient for obtaining significant results. Throughout the 
study the worm population consisted principally of larvae of one or 
more of the following species: The cabbage looper (Autographa 
brassicae Riley), the imported cabbage worm (Ascia rapae L.), and 
the diamond-back moth (Plutella maculipennis Curtis). 


SUMMARY AND CONCLUSIONS 


_ Twelve experiments were conducted, six at Charleston, S. C., and 
six at Baton Rouge, La., during the seasons of 1932-33 and 1933-34 
to determine the limitations imposed by residue on treatments with 
arsenicals in controlling worms on cabbage. Four dilutions (lime as 
diluent) of paris green ‘and calcium arsenate and one dilution of lead 
arsenate were employed in two or more of the experiments. The 
rates per acre per application ranged from approximately 10 to 24 
pounds, the number of applications of the different insecticides 
ranged from 0 to 10, and the periods of time from last dusting to 
sampling ranged from 8 to 100 days. The samples for residue deter- 
mination consisted of from 10 to 20 plants taken at random from each 
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FIGURE 1.—After cabbage has reached the stage of growth shown here, arsenical treatments should not be 
applied, as harmful residues are likely to remain on the cabbage at harvest time. 


treatment and trimmed to conform to U.S. grade No. 1—except in 
one experiment in which the entire leaf growth was included for 
analysis, the stalks being cut just below the bottom leat. The 
studies were conducted under various conditions of rainfall, tem- 
perature, and soil, and with three plant varieties. 

This study showed that, with intervals up to 30 days from the last 
arsenical application to marketing, cabbage may retain arsenical 
residues exceeding the legal tolerance of 0.01 grain of arsenic trioxide 
per pound of marketable product. The loose leaves surrounding the 
compact head carry the principal portion of these residues. The 
variety of cabbage and the quantity of rainfall also affect the residues 

on the harvested product. Excessive residues were found in these 
tests in nearly all instances where the samples were taken within 10 
days after the last application of the arsenicals was made, in about 
30 percent of the samples examined after about 20 days, but in less 
than 10 percent of the samples taken after 24 to 30 days. For 
periods of time exceeding 30 days no excessive residues were found 
during the course of these tests, 

According to the data obtained in this study, it appears to be 
unsafe to apply arsenicals on cabbage after foliage becomes exposed 
which will be a part of the marketed product. In the instance of 
crops which will be marketed as U.S. grade No. 1, no applications 
should be made after the heads begin to form. 
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